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Abstract: The lepton flavor conserving and lepton flavor violating decays of K and B mesons to 
lepton pairs in the gauge group G = SUl{2) x J7yi(1) x SUxi^) are discussed. The quark-lepton 

i2 /3 

transitions mediated by the lepto-quark bosons of the group SUx{2) provide a framework 

to construct an effective Hamiltonian for these decays. The effective coupling constant = g^-; 
nix is the mass at which the group G is broken to the SM group. The upper bound on (Gx/Gf )is 
obtained from the most stringent experimental limit on the B.R{K^ — >■ /x^e^). Several cases of 
pairing three generations of leptons and quarks in the representation (2, 2) of the group are analyzed. 
For some pairing, the upper bound on [Gx/Gp) is of the order (6 — 9) x 10"^ and is compatible 
with the upper limits on various LF violating A'-decays . In particular for these cases, we find 
the upper limit on the branching ratio B.R{K^ ^ (1.9 — 8.3) x 10~^. It is shown that 

for LF violating B-decays to lepton pairs, the time integrated decay rate ^ — > ^^t+(t^£+) is a 
promising area to test the model. 
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1 Introduction 

In weak decays, mediated by charged vector bosons Wj^, the hadronic flavor changes but lepton 
flavor is conserved. The relative strength of weak decays in hadronic sector is determined by CKM 
matrix. However, the weak neutral current is flavor conserving. The flavor changing neutral current 
(FCNC) induced weak decays are not allowed at tree level. These decays are highly suppressed and 
occur through loop diagrams in the standard model. FCNC induced weak decays are lepton flavor 
conserving in the standard model; there are stringent experimental limits on the lepton flavor 
changing (LFC) decays. 

The electromagnetic unification scale is 260 Gev. The Higgs mass cannot be predicted in the 
electroweak theory spontaneously broken by the scalar fields. The discovery of a new particle 
125 Gev, most likely to be Higgs boson has implication for the "hierarchy problem". The "Higgs 
mechanism" of the electroweak set the scale for all known particles. The "hierarchy problem" is 
why it is so small compared to another mass, the Planck mass (10^^ Gev) which is the fundamental 
unit of mass in theory of gravitation. 

It is of interest to explore the intermediate mass scales, between the Higgs mass and the Planck 
mass. One way to do it is to extend the electroweak group to a higher group [1]; the extra vector 
boson of the extended group provide the intermediate mass scales. 

In this paper, we consider extension of the group SUl{2) x ?7y(l) to SUl{2) x Uyi{1) x SUx{2). 
The three generations of left-handed fermions 

d, s, b{u, c, t) 

(i: is the generation index; the color index is suppressed) are assigned to the representation 

(2, 2)y, : Yi = for leptons 
= — 2/3 for quarks 

Note that = 1/2,-1/2 for the quarks and lepton respectively. The charge Q is given by 

Q = ^(^L3 + rx, + Yi) = ^{tl, + Y) 
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where 




as in the standard model. The right-handed fcrmions are singlet: 



(1,1) :r - Fi 



4/3 for up quarks 
2/3 for down quarks 
2 for charged Icptons 
for neutrinos 



The left-right symmetric gauge group SUl{2) x SUfi{2) x C/y(l) likewise can be extended. 



where V is the usual CKM matrix. 

A salient feature of the model is quark- Icpton transitions mediated by the lepto-quarks , X^' 

carrying baryon and lepton numbers (1/3,— 1/3, 1) respectively. These transitions generate 
the flavor changing current, containing both lepton flavor conserving and lepton flavor violating. 
We first consider the group SUl{2) x C/yi(l) x SUx{2); the left-right symmetric model is discussed 
in the last section. 

2 Interaction Lagrangian 

It is straight forward to write the Lagrangian. The interaction Lagrangian is given by 




Note that 




.9 sin 0wJ^mAf, 



9 



[{D,r>le, + u,rld'^w+ + h.c\ 



'int — 



2^/2 




} 



(2.1) 



where = — j^)^ J^^ is the weak neutral current coupled to and 



g'2 _ - _ _ 

^-{iJem - (wiF^u, - dtT^dt + ViT^^v^ - eJ^Cj 



9x 



)) 



(2.2) 
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If we take gx = 9, 



9x 9 (2.3) 



{D.Tly, + e,Tlei) (2.4) 



The matrix D in the last term of Eq.(2.1) is the 3x3 matrix associated with the permutation group 
53 : 

/I 0^ 

D{e) = D(123) =010 
\ 1 



D(13) =010, D(23) 





I?(231) = 1, £'(12) = 100 (2.5) 



Z)(13) interchanges first and third generation, L)(23) interchanges second and third generation, 
_D(12) interchanges first and second generation and 15(231) interchange (123) (231) of Icptons 
respectively in the representation (2, 2). U in Eq.(2.1) is a 3 x 3 unitary matrix for lepton mixing. 
In introducing these matrices, we have utilized the freedom of permutation and mixing of three 
generations of Icptons in the representation (2, 2). For D = D(e) and t/ = 1, we have the standard 
assignment viz: 

U / C f t Vr 

dt e ) \si ^1 ) \bi T 

The physical neutral vector bosons A^, and Z'^ are related to neutral vector bosons Wa^, 
Bi^ and X^^ of the extended group as follows 



V .9 + 9 

Xs^ = {giB^+gxZ') 
Vat + 9x 



B,^ = — =L=(,9xBm - giZ^) (2.6a) 
V5r + 9x 

where vector boson 

B^ = — =L=(g^^ - g'Z^) (2.6b) 
V .9 + .9 

is coupled to the Abclian group ?7y(l) of the standard model. The gauge coupling g' of t/y(l) and 
the electromagnetic coupling are related to the gauge couplings g, gi and gx as follows 



1 


\ ^ 


1 


^2 


9V 


^ — 

9\ 


1 


1 


1 




" 


^ — 
5 



(2.7) 
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The gauge group SUl{2)xUyi {l)xSUx{2) is spontaneously broken to the group SUl{2)xUy{^) 
by introducmg a scalar doublet 77 of SUx{2): 



The relevant term in the Lagrangian of the scalar doublet rj: 

df^v + ^gxv^-^'' + hfnvB't - ^f.gi772/3Bf 

Now 77 can be put in the form; 

v' + Hx+ ihx 



-> 



V2 

v' + Hx 

by spontaneous symmetry breaking the group SUl{2) x Uyi{^) x SUx{'2) to the standard model 
group SUl{2) X Uy{1). Note that the scalars ry^^"^ and hx have been absorbed to give masses to 
Xfj, and Z' respectively. The vector bosons mass term is given by 



i (^0, ^^^^f^) {gx^.^' + giB^) {gx^.t^ + g,B,, 





V2 



1 f v' + Hx 
4 I V2 



2gj,X^/^^X'^/^ + (gl + gl)Z'^Z' 



Hence we have 



2 ^2/2 



(2.8) 



For gx = ff, 



r(.9? + .4)v"- ■^'^ 



(2 9) 

(1 - ^ 



1 v'^ 
2 ^2/2 2 ^ 



(1 - tan^ e 



w) 



(2.10) 



By the symmetry breaking mechanism discussed above, the standard model is decoupled from the 

extended group at a mass scale mx- The vector bosons X^'^^^ and Z'^ acquire super heavy masses 

and give the intermediate mass scale. The stringent experimental limits on lepton flavor violating 

±2/3 

decays generated by the exchange of bosons provide a lower bound on the intermediate mass 

scale. 



-4- 



3 Effective Hamiltonian for FCNC 



±2/3 

The flavor changing current coupled to arc given by 



where 



Similarly 



where 



Hence the effective Hamiltonian involving the current J'^^(e) is given by 



After Fierz reshuffling 



where 



Gx 



[CiaeiT^j^^da] [dfjTL^^eJ]C. 



y. = -j=CiaC*p[di3Tlda][eiT Lp.e.j] 



5i 



V2 gm^^ 



^ , 9x \ 



2 _2 



(3.1) 



(3.2) 



(3.3) 



(3.4) 



(3.5) 



(3.6) 



(3.7) 



g / m-^ 

Similarly the effective Hamiltonian involving J'^^ {i') is given by 

Gx - - 

'H = --j={Ci,)iaC*p[di3T^^Ua][vir L^j.ej\ 

The effective Hamiltonian given in Eq.(3.6) is the basic Hamiltonian for FCNC induced pro- 
cesses. The most stringent experimental limits on the LF violating decays are for the K mesons 
decays [2]: 



B.R {Kl e^n^) < 4.7 x 10"^^ 

B.R {Kl n-fi+) ^ (6.84 ± 0.11) x 10"^ 



(3.8a) 
(3.8b) 



B.R (if- 7r-^-e+) < 1.3 X 10"" 
B.R (A'" 7r-e-/x+) < 1.5 x 10"^° 



(3.9a) 
(3.9b) 
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e+ 11+ 




Figure 2. 

For K mesons, the effective Hamiltonian is given by 

(3.10) 

The above Hamiltonian is relevant for the decays 



and 



K- 



e e 



— ^ fi'^ 



shown in Figs (1) and (2). 

From the Hamiltonian (3.10) , we obtain the following branching ratios 



B.R {Kl e^/i^) 
B.R (Al^/i-M+) 
B.R (R- 7r-^t-e+) 
B.R (A'" ^ Tr-e^n+) 



'[Kl ( Gx 
h \Gf 

trI / Gx 
~ \G^ 

fGx_y G,.,C% 2 
\Gf 



\ _ 2 ™^ I 2 



X B.R.(A'" vrVi^p) 
X B.R.(/\" TT"fi~i>^,) 



X |C^.C;,p (3.12) 

(3.13) 
(3.14) 
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In the above expressions, we have neglected as compared to to^. 
Using the fohowing values: 

Tj^o = 5.116 X 10~^s, Gf = 1.166 X IQ-^GcV^^ 
fx = 0.160GeV,TOA' = 0.497GeV,7n^ = 0.106GeV 

we obtain from Eqs.(3.11) and (3.12): 



B.R {Kl ^ e^fi^) « 27 ( ^ j IC^.Q, + Ce.C;,p (3.15) 



Gi 



B.R {Kl ^ M-M+) « 216 ( ^ ) |G^,G;,P (3.16) 



The mulitplets (2, 2) follows the patterns: 

D(e) 

^(12) 
D{23) 
J5(231) 



U iye\ / C Z^p \ f t ly-r 

d' e J ' \s' n J ' \b' T 

U Vf,\ I' C Ve\ f t Vr 

d' fi J ' \s' e J ' \b' T 

U Ve\ / C iyr\ f t l^fi 

d' e J ' \s' T J ' \b' fi 

U Vf, \ I' C iyr\ f t Ve 

d' fi J ' \s' T J ' \b' e 

The matrix U ~ Upa/ns, involves the parameters (ci2,si2), (223,323), (ci3, si3e"')[2, 3], where 

C12 = cos 6*12 ~ 0.835, S12 = sin 012 w 0.551, 
C23 = cos 6*23 ~ 0.707,523 = sin 6*23 « 0.707, 
ci3 = cos 6*13,513 = sin 6*13 

We take ^13 w 0, although a recent experiment [4] gives 6*13 w 9°. With these values 

/ 0.835 0.551 \ 
UpMNS = -0.389 0.590 0.707 (3.17) 
V 0.389 -0.590 0.707/ 

For the CKM matrix V, we use the following values [2] 

/ 0.974 0.225 3.89 x lO'^e-^T \ 

V = -0.223 1 4.06 X 10"^ (3.18) 

V 8.4 X lO-^e'" -3.87 X 10-2 1 / 

In this paper, the coefficients Cia are obtained for the following two cases I and II 
Case I: D{e), D{23),D{12),D{231) {i) U = 1 (ii) U = Upmns- Using these coefficients and 
Eq.(3.15), upper limit on (Gx/Gp) is obtained from the inequality (3. 8a). Then using Eqs. (3.16), 
(3.13) and (3.14), we get upper limits on the branching ratios — > — > ir^ ji^ e'^ {n^ ^'^). 
The results are given in Tablet. 
Case II: D = 1 

/I 

{i)U = \ 512 Ci2 I , {li)U = C23 -523 | (3.19) 

\0 S23 C23 
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Table 1. The upper bounds on and upper limits on the B.R. (_R'£ — s> )i B.R. 



(A:~7r~M~e+(7r-e~/i+)) for case I: D = D{e),D{23), D{12), D(231); U ^ 1, U ^ Upmns 





Upper bound 


lower bound 


B.R(Kl ^ ^i+iT) 
< 


B.R(K— 7r-^-e+) 
< 


B.R{K- jr-e-^i+) 
< 


(i) 


Die) 


U = 1 

UpMNS 


4.91 X 10-^ 
7.75 X 10-' 


1.43 X 10-* 
1.13 X 10-* 


2.60 X 10-12 
9.82 X 10-12 


1.59 X 10-1'* 
1.63 X 10-1^ 


4.23 X 10-1'' 
3.09 X 10-11 


(ii) 


D{2S) 


U = 1 

UpMMS 


1.05 X 10-^ 
9.07 X 10-'' 


3.09 X 10^ 
3.32 X 10^ 


2.54 X 10-1'^ 
1.95 X 10-" 


1.09 X 10-1^ 
7.05 X 10-12 


3.69 X 10-1"* 
9.03 X 10-12 


(iii) 


D{12) 


(7 = 1 

UpMNS 


4.91 X 10-^ 
6.13 X 10-** 


1.43 X 10>' 
4.04 X 10^ 


2.60 X 10-" 
8.28 X 10-" 


4.23 X 10-1" 
4.18 X 10-12 


1.59 X 10-1-' 
2.88 X 10-12 


(iv) 


£1(231) 


U = 1 
UpMNS 


1.10 X 10-^ 
1.00 X 10-'' 


3.01 X 10^ 
10^ 


1.26 X 10-" 
2.5 X 10-" 


3.04 X 10-1'' 
3.51 X 10-" 


1.22 X lO-i-' 
2.61 X 10-1" 



Table 2. The upper limit for the branching ratios K% — > K — > tt"^ e^{-K^e fi'^) decays for case 

II. 



Lepton Mixing Matrix U 


Upper boimd 


lower bound 


B.R(Kl-^^L+t,-) 

< 


B.R(K- 7r'V-e+) 
< 


B.R{K- 7r"e-/i+) 
< 


(i) 


9.5 X lO-'i 


3.2 X 102 


5.1 X 10-" 


1.5 X 10-11 


1.8 X 10-11 


(ii) 


6.7 X 10-" 


1.2 X 10-' 


1.1 X 10-12 


1.3 X 10-1-1 


3.9 X 10-1'' 



The results are given in Table II 

From Tables I and II, it is clear that for the case I, Z? = Z?(23), D(12), U ~ Upmns and for 
the case II, D = 1. U = U{i), the upper bound on is the lowest and the branching ratios 

are compatible with the experimental bounds except for the B.R. {K^ ij.~^fi~) which exceeds the 
experimental value for case I: £'(12), U = Upmns 

Finally from the effective Hamiltonians (3.6) and (3.7), we obtain the branching ratios for 



L.F. violating t decays and for tt^ -> fi^iyeit^r), n Pg i^fiivr)'- 

B.R.{t- ^ A-*°r) = {^f\9l^\'^B.R{T- ^ K-*Dr) (3.20) 

trj=' Vus 

B.R.{r- ^ p^n = i^y\9^\^B.Rir- ^ p-.^) (3.21) 

B.R.{n+ ^ ^+z.,,0 = (^)'l%^PS.i?(vr+ ^ A'+^J (3.22) 

B.R.in^pe-D^,r) = {^f\^^^\^B.R{n-^pe-v,) (3.23) 

^F Vud 

B.R.{t- ^ iC-u,,^) = {^f\9ll9l2L\^B.R{T- -> K*-Vr) (3.24) 

B.R.{t- ^ p-u^^^,) = {^^f\9l^\^B.R{T- ^ p-u,) (3.25) 



where Z = e, /i. In Eqs. (3.20-3.25), we have neglected the terms of order mf/m'^. From these 
equations, we get the following values for the branching ratios: 
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case I, UpMNS (ii) D(23) (iii) D(12) 

B.R.(t- i?*°e-(At-)) < 4.4x10-12 B.R.(t- ^ ii:*"e- (^-) < 2.1 x 10-12) 

B.R.(t- ^ p^e-^-) < 2.7 X 10-13 < 1.4(0.92) x lO^^^ 

B.R.(7r+ ^ ^t+i^e,^) < 2.9 X 10-"(6.4 X 10-12) < 1.1 x lO^^^ 

B.R.(t- ^ K*~ve, p) < 6.6 x lO-^^ < 5.6(1.1) x lO^^^ 



B.R.(t -> p Ve,^,) 



< 7.9(1.3) X 10- 



B.R.(r- ^ p-i/e,,x)(< 0.7(3.1) x lO-^^) 



4 Lepton Flavor (LF) violating B decays 

The effective Hamiltonian for LF violating B — decays is given by 

Heff = -|(c.,c;,)[(dr'^6)(e-.ri^e,)] + (afcqj[(s-r^6)(e-.ri^e,)] 



(4.1) 



In this paper , only the decays B° — )• 
The branching ratio is given by 

2 / 



(B° ^ erep are analysed. 



where 



1 



^ J 



9 ? 
ml — mlj 



(4.2) 



9jt = Cjl3C*b 9ij = CitC*i3 = g*^, /? = dors 

Since branching ratio is proportional to mf , we will take i ~ t, j — e, p, r; gji — gir, I — e, p, r. To 
obtain the branching ratios, we use the following values: 

TBI ^ 1-^2 X 10"i2s^ TO^o = 5.279Gev, fs^ = 0.220Gev 
= 1.47 X IQ-i^s^ TOBo = 5.366Gev, Jb, = 0.234Gev 

Using above values, we get from Eq.(4.2) 



B.R.[B° 



\9tr?(\9rt\ 



where 



(4.3) 



For B" 



Now 



r T^, p p^ 



F = 7.87, B2 
= 8.87, B° 

F = 15.48, 0.071 B^ 
= 17.43, 0.079 B° 



^) < (5.71 X 10-13), (8.23 x 10-11), (3.76 x 10-^) 



(4.4) 



(4.5) 



(4.6) 



for D{e), D{23), D{12), U = Upmns respectively. The factors gir {gri) in Eq.(4.3) for the three 
cases (i), (ii), (iii) are given below 
(i) B°,: 

ger{gre) ~ 0.602(-0.051) , .9^r(,9rM) ~ 0.259(0.077) 

5,-,+ « -0.101, 5^^^+ « -0.197 
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Table 3. Upper limit on B.R.(BS.s '■'t+{t'1+)) 
case I: for D = D{e), 15(23), £'(12), Upmns 



Case 




(i 


) 




(ii) 




(iii) 




Bis ^ e- 


r+ 


1.60 X 


10- 


12 


1.75 X 10- 


-10 


4.92 X 10- 


ll 




(7.78 X 


10" 


-14) 


(1.39 X 10- 


-10) 


(9.37 X 10- 


11 


T~ 


-e+ 


1.17 X 


10- 


14 


2.18 X 10- 


-12 


2.50 X 10- 


-11 






(3.04 X 


10- 


-13) 


(4.71 X 10- 




(1.04 X 10- 


-12 


/i" 


-T+ 


3.01 X 


10- 


13 


1.57 X 10- 


-10 


3.16 X 10- 


-11 






(1.17 X 


10- 


-12) 


(9.72 X 10- 




(8.71 X 10- 


11 






2.66 X 


10- 


14 


5.13 X 10- 


12 


4.48 X 10- 


-11 






(7.01 X 


10- 


-13) 


(1.08 X 10- 


-10) 


(1.88 X 10- 


12 




T+ 


9.02 X 


10- 


14 


1.68 X 10- 


11 


1.44 X 10- 


10 






(2.37 X 


10- 


-12) 


(3.59 X 10- 


-10) 


(5.91 X 10- 


12 






1.57 X 


10- 


15 


8.39 X 10- 


13 


1.76 X 10- 


13 






(5.52 X 


10- 


-15) 


(4.08 X 10- 


-14) 


(4.87 X lo- 


13 



B° 



(ii) B°,: 



B° 



(iii) Bl 



B° 



geAgre) ~ -0.124(0.245), g^,rigr^.) « 0.495(-0.372) 
5,-,+ « 0.488, « -0.350 



gerigre) « 0.520(0.058), g^r{gr,.) « 0.492(-0.089) 
5t-t+ ~ -0.115, ~ 0-379 



gerigre) « 0.436(-0.245), 5/.r(.gr;.) « -0.365(0.385) 
gr-r^ ~ 0.500, g^-^+ « 0.079 



gerigre) ~ -0.408(0.291), g^rigrf.) ~ 0.327(-0.389) 
5,-,+ « 0.498, « -0.257 



gerigre) ~ 0.530(0.056), g^rigrf.) ~ 0.51 1 (-0.075) 
5,-,+ « 0.095, « 0.420 

With above values for gugu, the branching ratios can be calculated. The upper limit on the 
branching ratios for various decay channels are given in Table III. The experimental limits on 
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L.F. violating B° £^{j ^ i) decays arc not stringent as for the /•sT— decays. For B° decays, 

experimental limits are [2, 5, 7] 

B.R.(B2 ^ e^r^) < 2.8 x 10"^ 
B.R.(S° ^ ^=F^±) < 2.2 X 10"^ 
B.R.{Bl ^ T-r+) 



? 



B.R.(B° ^ M"M+)sM = (3.32 ± 0.17) x 10 

1-9 



-9 



B.R.(B2 ^ M"/^")cxp < 0.8 X IQ- 
B.R.(B2 ^ M"A«")sM = (0.10 ± 0.01) X 10"^ 

It is clear from the above Table III, the upper limits on branching ratios for B° ^ — > /i^/i^ are much 
below than the experimental upper limits for these decays. 

However, a distinctive feature of this model is violation of charge symmetry for the decays 
S° ^ e-{^i-)T+ and 5° ^ T-e+(/x+) and B° ^ e-(/x-)r+ and S° ^ T-e+(Ai+) for (ii) and 
(iii) respectively. The branching ratios are significantly different for the channels e~(/x~)T+ and 
T^e+(/i+); the branching ratios are much smaller for the channels T^e^(/i+) than for e^(/i^)T+. 

Finally for the case II, £) = 1, [/ = U{i); {Gx/Gp) < 9.5 x 10"^. For this case: 

B^d ■■ 9er{gre) ~ 0.69(0); g^.(5rp) « 0.70(0) 
B° ■■ ffer(5re) ~ 0.74(0); .9^.(5.^) « 0.77(0) 

The upper limitations on the branching ratios for the case II are 

B.R.{B'^ e-T+{p-T+)) < 3.4 x 10"^"(3.7 x 10-i°) 

B.R.{B° e-T+{n-T+)) < 4.4 x IQ-^^i^.? x 10-^°) (4.7) 

The branching ratios for Bj] ^T^e+(T^/i+) w 0. Again for this case charge symmetry is badly 
broken. 

The time integrated decay rates due to quantum interference of B° and B° for the LF violating 
decays of B° to lepton pairs are a promising area to test the model based on the extended electroweak 
unification group SUlC^) x Uyi x SUxC^)- 

Now [3] 

rf{t){Tf-{t)) = ^e~^'\F\' {\ger\' + \gri\') + {\gir\' - \gri\') COS Ami 



± i sin Amt {e^'^ghgre - e ^'^gg^g*f.) 



rf{t){Tf{t)) = {\g,r\' + \gr,\') - {\g,r\' - \gr,\') cos Amt 

± i sin Amt {e^''^ girgrt - e'^'''^ g^^g*^) 

where / — £^t^ , f — r^£+, £ ^ e,fi 

First we note that (3 = 0, for B°, so sin Amt term vanishes for B°. For the decays for which 
grt ^ 5«T, we have [3] 

Tfit) = ie-"|f^ng,,|2(l + cosAmt) 
Tfit) = ie-"|i^ng,,|2(l-cosAmt) 
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This is the case for -B^ , — > ^ [t in (ii) and (iii) respectively. For the time integrated decay 
rates, we have 



2 + <« 
0.23(1) 



where wc have used the experimental values Xd ~ 0.77, Xg ~ 26 for and B° respectively. 

Hence for time integrated decay rates for B^, the jr^ = e^/e+ « 0.23 i.e. depletion of t~ 
or e"*", compared to t+ or e~ i.e. charge symmetry is badly violated for the time integrated decay 
rates t-£+ (£-r+). 

However, for time integrated decay rates B° r^£+ (^^t+), there is only extremely small 
deviation from 1, although B.R.{B° t-£+/B.R.{B° £-t+ < 1. 



5 Left-Right symmetric group 5t/L(2) x SUr{2) x ?7y,(l) x SUxi2) 

The left-handed and right-handed fermions are assigned to following representation of the group: 

^ ■ (2,1,2) 



N, 

d' e. 



(1,2,2) 



The interaction Lagrangian is given by 
iint = - gsmdwJt^J^u. - 



for leptons 
T/3 for quarks 



5_ 

^e™-M 2V2 



5 



cos IV 
2^2 



\J\ - tan^ 



L/j. 

.gx .9 
.9 VI - 



S{ E E [(^.Pc^)lr>. + iv,(i^[/)t^r>,) + (e,(i?t/);.(rii + ri^)^)]^;^^ + h.c] 



(5.1) 



where J'^'' is the neutral current of the standard model 



- 1 tan'^ 6*14/ 



.9i 



//2 



!5_ 

3 5i 



(5.2) 



(5.3) 
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The gauge group SUl{2) x SUr{2) x Uyi (1) x SUx{2) is spontaneously broken to the group SUl{'2) x 
SUji{2) X ?7y(1) by introducing a scalar doublet of SUx{2) as in the section 2. The vector bosons 
m^^^^ and Z" fi acquire the masses 



2 ^2/2 2 -'^/2i2\/2 ^ 



(5.4) 



By above symmetry breaking mechanism, the group SUl{2) x SUr{2) x Uy is decoupled from the 
extended gauge group at mass scale mx- 

The group SUl{2) x SUii{2) x C/y(l) is spontaneously broken to Uem{^) in the standard way 
[6], by introducing the scalar doublets 



$L : (2, 1)y=i, $h : (1, 2)y=i, : (1, 3)y=2 





VL 



($7 







V 




(5.5) 



The weak vector bosons, W^^, ^Rfj.- acquire masses 

1 



-V, 



2g^W^'^W+^ + (.91^3^^ - g'B^) (^gW,L^ - g'B, 
'2g^W^^W+^ + (gW^R - g'B^) (gW^^R^ - g'B, 



2g'W^^W%^ 



(5.6) 



where i?^ is the vector boson associated with t/y(l), with coupling constant g' . We get 



1 



2 2 2 



rtir. 



1 5' 



„ = V(v^ + V^) 



4 COS^ 



2 2 



7^ 



(5.7) 



for v|/v^ ^ 1. We note 



gW^n. - g'B^ = 

gWs.R^ - g'Bf, = 



gtaney/ , 
w 



coatlw " yjl - tan 
.9 



V^l - tan^ 



(5.8) 



From Eq.(59), it follows that the effective Hamiltonian for the FCNC involving e , /i , r is given 
by 



g\ 



a 



(5.9) 



After Fierz reshuffling: 
G 



f^r^d^) (e,ri^e,) + 2(j^(5 - F)d,) (e,(5 - P)e,)] (5.10) 



In this paper, the effective Hamiltonian given in Eq. (5.10) for FCNC induced K, B mesons 
decays is not further discussed. 
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6 Summary and conclusion 



The Icpton flavor violating decays are strictly forbidden in tlie standard model. The gauge group 
G ~ SUl{2) X C/yi(1) X SUx{'2) beyond the SM provides a framework to derive the effective 
Hamiltonian for FCNC induced decays of K and B mesons to Icpton pairs. The effective couphng 
constant = gf^, where mx, the mass of lepto-quark bosons X^^^"^ of SUxi^) gives the mass 
scale at which the group G is broken to SUl{2) x [/y(l). The effective Hamiltonian gives the 
lepton flavor conserving and LF violating decays of the same order. The upper bound on {Gx /Gp) 
is obtained from the most stringent experimental limits on the BR{Kl -> /^^e^) < 4.7 x 10~^^. 
Several cases of pairing three generations of leptons and quarks in the representation (2, 2) arc 
analyzed. For some cases the upper bound on [Gx/Gp] is of the order of (6 — 9) x 10^^ and is 
compatible with the upper limits on various LF violating i^-decays. In particular for these cases, 
we find the B.R{K^ — >■ fJ.~ fJ,~^ < (1.95 — 8.28) x 10~^ to be compared with the experimental value 
B.R{Kl = (6.84 ±0.11) X 10"^. It is tempting to take [Gx/Gp] equal to (6-9) x 10"^; 

this gives (5/g^)(i2i^)^(3-4)xl02. 
In the SM [5, 7], 

B.R{Bl ^ ^ C-f)'^ \Vti>V:f 2^1- j X msJlml ICiol' (6.1) 

Using the experimental values for the masses and tboJb, ~ 0.234, |V(f,Vj*| = 3.87 x 10^^ and for 
the Wilson coefficient G^l^ [mh) = —4.13, one gets B.R{B^ — > jjT ^i^) = 3.1 x 10^*^. More accurate 
calculation gives its value (3.2 ± 0.2) x 10"^ (Exp. value = (3.2t J;'^) x 10"^). 
From Eq. (6.1), we obtain 



B.R.{B° T+T-) = (1 - 2ml/mlJ/{l - 2toV/™|J 
x{mr/mf,f B.R. (B^ ^ /^^A*^) 
= (6.9 ±0.4) X lO"'^ (6.2) 



B.R. (i?2 -> /i>+) = r^o/TBO^^I^I^I^ « 0.13 X 10-^ (6.3) 

TbJ^b, Vts 

For Kl J Eq. (6.1) is modified to 



r<2 jjj'S 



2 



« 5.92X 10-"(^^C^)' (6-4) 

which is much below the experimental value, unless the last factor on the right hand side of 
Eq. (6.4) is of order of 10^. 

For LF violating _B-decays, the experimental limits on the branching ratios are not very strin- 
gent. However the time integrated decay rates of ^ — > ^~r+(T~£+) due to quantum interference 
of B^ and B^ is a promising area to test the model. We find for time integrated decay rates for 

5 —5- £~r+(r~£+). the ratio r^/r+ = jl— w 23 percent, i.e. dcplctation of t~ or compared 
to T+ and t~ i.e. violation of charge symmetry. 

With more precise experimental data on the LF violating on the branching ratio for A'^ and 
B\ decay to lepton pairs, it may be possible to test the model. 
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